We describe two unprecedented large (100-member), long-term (61-year) ensembles based on MRI-22 AGCM3.2, which were driven by historical and non-warming climate forcing. These ensembles comprise 23 the "Database for Policy Decision making for Future climate change (d4PDF)". We compare these 24 ensembles to large ensembles based on another climate model, as well as to observed data, to investigate 25 the influence of anthropogenic activities on historical changes in the numbers of record-breaking events, 26 including: the annual coldest daily minimum temperature (TNn), the annual warmest daily maximum 27 temperature (TXx) and the annual most intense daily precipitation event (Rx1day). These two climate 28 model ensembles indicate that human activity has already had statistically significant impacts on the 29 number of record-breaking extreme events worldwide mainly in the Northern Hemisphere land. 30
Introduction 38
In recent years, record-breaking extreme weather and climate events have occurred in many places (2013) and Lewis and King (2015) found that the ratio of record-high maximum temperatures to record-51 low minimum temperatures across Europe (seasonally averaged data) and Australia (monthly and 52 annually averaged data) has also increased in recent decades. The number of local record-breaking 53 monthly temperature extremes identified globally is now five times larger than would be expected in a 54
climate not experiencing long-term warming trends, as estimated by a statistical model (Coumou et al. 55
2013). The statistically significant trends in increasing annual maximum daily precipitation values can be 56 detected at many stations around the world (Westra et al. 2013) , and the number of global record-breaking 57 daily rainfall events is 12% greater than that anticipated by a theoretical stationary time series (Lehmann 58 et al. 2015) . 59
The aforementioned results imply that external factors have influenced these record-breaking events. probabilistic event attribution approach, two large ensembles of factual historical-forcing and 78 counterfactual natural-forcing (e.g., 100-members each) are produced, generally for short time periods. 79
Larger ensemble sizes and the possibility of higher spatial resolutions using AGCM ensembles can allow 80 more precise estimates of how changes in the frequency and magnitude of extreme events occur than can 81 CGCM simulations. On the other hand, the AGCM-based approach has certain limits. Atmosphere-ocean 82 interactions are not included in the AGCM-based approach, nor are the possible effects of anthropogenic 83 forcing on ocean variability. Therefore we cannot test if the observed climate change can occur only due 84 to the internal variability in the coupled atmosphere-ocean system. Furthermore, limitations in computing 85 resources typically result in short-term experimental periods (from one season to a few years) and prevent 86 long-term trend analyses. 87
In this study, we analyze large, long-term ensembles of factual and counterfactual climate forcing using 88 (Fig. 2) , and the CAM5.1 ensemble appears to overestimate warming attributable tothe NAT simulations (Figs. 1g, 1i and 1k) . 140
In the next section, we investigate the annual lowest daily minimum temperature (TNn), the annual 141 highest daily maximum temperature (TXx) and the annual highest daily precipitation (Rx1day) slower rates for TNn than the ALL runs and the observed data. The differences between the averaged 160 values for the ALL and NW ensembles within the d4PDF are essentially continuously significant after 161 show larger differences between ALL and NAT than that in d4PDF, mainly due to differences in the rate 163 in CAM5.1's NAT ensemble which likely reflect its Arctic cooling trend. Differences in the ALL and 164
NAT ensembles of CAM5.1 are essentially continuously significant after 1974 and 1979 for TNn and 165
TXx, respectively. The points of continuously significant changes in temperature extremes were similar 166 for TXx but there was a 9-year difference in TNn values between these two models. 167
The NAT and NW runs have faster decline rates of Rx1day than the ALL runs and the observed data. 168
The differences between the ensemble averaged values of Rx1day for ALL and NW of d4PDF are 169 essentially continuously significant after 1996. The differences in Rx1day values in the CAM5.1 170 ensembles were smaller than those in the d4PDF. Although there were some significant differences in 171
Rx1day values between the CAM5.1 ALL and NAT ensembles, the difference was not significant in 2010. 172
It is not clear why the Rx1day differences in CAM5.1 are smaller than that of d4PDF. 173 should decrease because the lower bound must be greater than or equal to zero by definition. The mean 178 area fractions of record-breaking TNx significantly decrease from 2.17% to 1.14% for d4PDF and from 179 2.90% to 1.04% for CAM5.1 (Table 1) has increased "the likelihood of a wider area would be affected by record-breaking TXx than the observed 184 value" by 6.2-fold in average (the 10%-90% range for the 1000-time bootstrap resampling is 5.4-7.2) forreplacement and compute ratios between ALL and NW (NAT) by 1000-times to estimate the uncertainty 187 ranges. In contrast, the likelihood that a wider area would be affected by record-breaking TNn than has 188 been observed is halved: the ratios of ALL and NW (NAT) are 0.5 (0.5-0.6) and 0.5 (0.4-0.5) for d4PDF 189 and CAM5.1, respectively. Human activities have significantly increased the likelihood that a wider area 190 will be affected by record-breaking Rx1day than has been observed by 1.7-fold (1.6-1.8) and 1.4-fold 191 (Fig. 4f) , the 10-year aggregated analysis ( Fig. 5f and table 1) provides stronger 194 evidence for the anthropogenic contribution to more frequent record-breaking Rx1day events. 195 Arctic cooling in the NAT SST and SIC estimates used. Quantitative attribution of local record-breaking 207 events can be sensitive to differences in the AGCMs and estimates of counterfactual boundary conditions. 208
We have produced unprecedented large, long-term ensembles using the hi-resolution MRI AGCM, 211 which we compile into the "Database for Policy Decision making for Future climate change (d4PDF)" 212 (Mizuta et al. 2016). We described the experimental setup of the historical and the non-warming 213 experiments of d4PDF, which is briefly explained in Mizuta et al. (2016) and Kamae et al. (2016) . 214 This is also the first study that has compared large-size long-term attribution experiments using two 215 ensemble mean ALL and NW (NAT) are statistically significant at the ±10% level using the t-test. 366
The dotted lines represent the max-min ranges of the ensemble members. 367 
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1.14% ensemble mean ALL and NW (NAT) are statistically significant at the ±10% level using the t-test. 410
The dotted lines represent the max-min ranges of the ensemble members. 411
